Abstract. We present in this work the temporal evolution of the three-dimensional electron density at global scale during two ionospheric storms (October 18-19, 1995, and January 10, 1997) computed using only actual Global Positioning System data. The tomographic model is solved by means of a Kalman filtering with a filter updating time of I hour in a Sun-fixed reference frame, and with a resolution of 10x10 deg in latitude/local time and 100 km in height including also a protonospheric component 
Introduction
The capability of estimating the ionospheric electron density at global scale in any geomagnetic condition is important for the National Space Weather Program [Szuszczewicz and Wilkinson, 1997] and in general for the improvement in the knowledge of ionospheric storms [Kamide et al., 1997] .
Also, it has been demonstrated recently that the use of the electron density (tomographic) models at regional scale for navigation purposes provides better ionospheric corrections than the use of total electron content models which assumes that all the ionospheric free electrons are concentrated in a thin layer at fixed height [Hansen et al., 1997).
In this context the purpose of this paper is to show that it is possible now •o estimate at global scale the electron density of the ionosphere in high ionospheric variability conditions. This is done by means of a tomographic "only data driven" model solving with the Kalman filter the electronic densities of the ionosphere with the Global Positioning System (GPS) satellite dual frequency carrier phases, observed from the worldwide network of permanent receivers (International GPS Service, IGS [Zumberge et al., 1994] This paper is, in our opinion, the logical extension of the paper Juan et al. [1997] where a similar, but coarser, tomographic model (two layers: ionosphere and protonosphere) is solved during one ionospheric storm in November 1993 using only GPS ground data. In that work, it was demonstrated that the tomographic models improve also the total electron content and the instrumental bias estimates because in the nontomographic (one layer) models, these estimates capture part of the protonospheric electron content. Now, the limited vertical resolution of that work is improved with the use of the geometrically complementary LEO GPS receiver observations, as was predicted with simulations by Hajj et al. [1994] and Howe et al. [1998] . 
being A/• I --oei(t q-r)-oei(t) and Ne -Ne(F, t).

Tomographic Equation
We decompose the ionosphere in three-dimensionM cells in the Sun fixed reference frame "local time/geodetic latitude / height" (see below). In these cells we assume that the electron density is constant (see Figure 1) . Then the last equation ( 
2e+11 4e+11 6e+11 8e+11 le+12 0 2e+11 4e+11 6e+11 8e+11 le+12 0 2e+11 4e+11 6e+11 8e+11 le+12 In these particular data sets, as it was commented in the introduction, major ionospheric storms occurred as consequence of two solar events.
To estimate the electron density we use a model (equation (2) 
